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Atopic dermatitis (AD) can be divided into two types,1 serum
IgE-high extrinsic AD (EAD), occupying approximately 80% of total
AD, and serum IgE-normal intrinsic AD (IAD). We have investigated
various clinical and immunological aspects of IAD.2e5 Female pre-
dominate is noted in IAD. While Th2 cells are increased in the pe-
ripheral blood of EAD, the frequency of IFN-g-producing Th1 cells
is high in IAD. ThemRNA expression of Th1 cytokines, such as inter-
feron (IFN)-g, in lesional and nonlesional skin from IAD patients are
signiﬁcantly higher than EAD.6 IAD patients often suffer frommetal
allergy. Given that protein antigens and metals/haptens give rise to
Th2 and Th1 responses, respectively, metals are a candidate of
causes for relatively Th1-skewing IAD.
We have previously shown that the frequencies of positive patch
tests to nickel, cobalt and chrome in IAD patients are 41.9%, 38.7%
and 22.6%, respectively, and 61.3% of IAD patients show positive re-
actions to at least one of the three metals.7 This is 2.4-fold higher
than that of EAD. A high nickel concentration in sweat of IAD pa-
tients was also found.7 Here, we measured nickel concentration
of sera in patients with IAD and EAD, and healthy control (HC).
We performed a dietary nickel loading study using a chocolate con-
taining a high nickel dose.
This study was approved by the humanmedical and ethics com-
mittees of both Hamamatsu University School of Medicine and
Tohoku University. Patients gave written informed consent.
Enrolled in this study were 17 AD patients and 17 HC volunteers.
Leukocyte counts, eosinophil percentage, serum IgE, serum speciﬁc
IgE to Dermatophagoides pteronyssinus (DP), serum CCL17/TARC
were measured in AD patients. There is no uniform criteria for
AD categorization. As previously reported, we classiﬁed AD into
IAD and EAD by using serum IgE and IgE speciﬁc to DP.7 IAD was
deﬁned as serum IgE levels200 kU/L or 200 < IgE 400 plus class
0 or 1 of IgE speciﬁc to DP and EAD was deﬁned as 400 < IgE levels
or 200 < IgE  400 plus class 2 or more of the speciﬁc IgE. Severity
Scoring of AD index (SCORAD) and 100 mm visual analog scale
(VAS) for pruritis were used for evaluation of clinical severity of
AD. Eight ﬁlaggrin gene (FLG) mutations common to Japanese AD
patients were analyzed as described previously.2,7
The nickel loads were applied by using chocolate bar contain-
ing a high dose nickel (Lindt chocolate excellence 85% cocoa®,
Lindt &Sprungli, Kilchberg, Switzerland). This chocolate contains
470 mg nickel per bar (National consumer affairs center of Japan,
2008). Participants ingested one-half chocolate bar containing
235 mg nickel per day for 4 consecutive days. The dose ofPeer review under responsibility of Japanese Society of Allergology.
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licenses/by-nc-nd/4.0/).235 mg is nearly equal to the amount of nickel that Japanese
eat in daily meal. It was reported that an allergic skin reaction
was provoked in individuals sensitive to nickel by 300 mg loading
test.8 Collection of serum samples from peripheral blood were
performed before and after nickel loading. Samples were
collected 3e6 h after the ﬁnal ingestion of chocolate. Nickel con-
centration in serum samples were measured by inductively
coupled plasma mass spectrometry (Mitsubishi Chemical Analy-
tec, Tokyo, Japan). All data were expressed as the median and the
mean ± standard deviation. Comparisons of serum nickel con-
centration among the three groups were performed using Krus-
kalleWallis test followed by SteeleDwass's multiple comparisons
post hoc test. Statistical signiﬁcance was ascertained when
P value was less than 0.05.
The patients' clinical proﬁles are shown in Table 1. One of male
EAD patients claimed to interrupt the subsequent test because of
occurrence of palmar dyshidrotic eczema on day 2. One female
IAD patient developed facial erythematous lesions on day 3. In
these two patients, only the pre-load samples were subjected to
nickel measurement. Three of HC agreed to provide only preload
serum samples. Total serum IgE levels, SCORAD, and eosinophil per-
centage were signiﬁcantly higher in EAD than IAD. There was no
signiﬁcant differences in CCL17/TARC or VAS of pruritus between
IAD and EAD. One EAD patient had FLG mutation (S2554X)
commonly seen in Japanese AD patients.2
Fig. 1 shows the nickel concentrations in the sera before
(Fig. 1A) and after nickel loading (Fig. 1B). The nickel concentration
levels (mean ± SD, ng/ml) before loading test were 2.79 ± 1.90
(IAD), 1.43 ± 2.15 (EAD), and 0.40 ± 0.93 (HC), respectively (me-
dian: 2.68, 0.41, and 0.00). The IAD patients had signiﬁcantly
higher nickel levels than did the HC subjects (Fig. 1A). The nickel
concentration levels were 1.82 ± 2.12 and 0.40 ± 0.93 in AD and
HC, respectively (P ¼ 0.02). There was no strong correlation be-
tween the nickel concentration and SCORAD, but a weak correla-
tion was observed in EAD (R ¼ 0.52, P ¼ 0.08). After nickel
loading, the mean nickel levels were 3.59 ± 0.47 (IAD),
2.05 ± 2.87 (EAD), and 0 ± 0 (HC), respectively, (median: 3.83,
0.67, and 0.00). Thus, the high serum nickel concentration in IAD
became more discernible as compared with EAD and HC
(Fig. 1B). However, signiﬁcant nickel increment was not found in
the post-loading data, although a minimal increase was detectable
in the IAD patients.
Our study clearly demonstrated that the serum nickel concen-
tration is constitutionally high in IAD patients compared with
EAD and HC individuals. Notably, the nickel concentration was
7.0-fold higher in IAD than HC before nickel loading. Even the nickel
patch test-negative IAD patients had high serum nickel levels, sug-
gesting that systemic metal allergy might occur in non-skinvier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
Fig. 1. Box plot of the nickel concentration in serum before/after provocation test in the three groups (IAD, EAD, and HC). Serum samples were obtained before (A, preload) and after
(B, postload) nickel loading. When a signiﬁcant difference was observed in the KruskaleWallis test, SteeleDwass multiple comparison post hoc test was performed. Indicated with
an asterisk (*) (P < 0.05) is statistically signiﬁcant difference. The rectangle spans the ﬁrst quartile to the third quartile. A segment inside the rectangle shows the median, and
whiskers above and below the box show the locations of the minimum and maximum. Longest length of the whisker is up to 1.5 times of the length of the box.
Table 1
Subject characteristics.
Intrinsic AD Extrinsic AD Healthy controls P value*
Patients 5 (1 men and 4 women) 12 (10 men and 2 women) 17 (5 men and 12 women)
Age (years, mean ± SD) 39.2 ± 5.9 35.9 ± 11.3 22.6 ± 5.0 0.45
Sex (male: female, %) 20.0%: 80.0% 83.3%: 16.7% 29.4%: 70.6% 0.03
IgE (kU L1, mean ± SD) 57.4 ± 50.9 (n ¼ 5) 9080.3 ± 10803.1 (n ¼ 12) N.A. 0.01
CCL17/TARC (pg mL1, mean ± SD) 849.3 ± 1047.4 (n ¼ 4) 2161.3 ± 1521.4 (n ¼ 12) N.A. 0.09
Eoshinophil (%, mean ± SD) 2.6 ± 1.3 (n ¼ 5) 11.9 ± 6.9 (n ¼ 12) N.A. <0.01
SCORAD (mean ± SD) 35.5 ± 17.1 (n ¼ 5) 61.0 ± 15.0 (n ¼ 12) N.A. 0.02
VAS of pruritis (mean ± SD) 44.2 ± 28.9 (n ¼ 5) 70.0 ± 16.4 (n ¼ 12) N.A. 0.12
FLGmutation (%) 0 (n ¼ 4) 1 (n ¼ 7) N.A. 1
*Wilcoxon rank sum test or Fisher's exact test applied for IAD vs EAD.
N.A., no assessment.
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allergic reactions by directly stimulating toll-like receptor 4 on an-
tigen presenting cells.9,10 Therefore, our ﬁnding suggests that
serum nickel sensitize circulating T cells and they express skin-
homing receptors upon repeated elicitation with serum nickel
and migrate to the lesional skin.
Although the post-loading data more clearly showed the high
level of nickel concentration in IAD, the dietary nickel loading did
not effectively increase the nickel concentration. Thus, the twice
excess intake of metal-containing foods does not substantially in-
crease the metal concentration in sera. Our ﬁnding provides an
implication that the absorption or transport of nickel in IAD pa-
tients is abnormally upregulated in a steady state.
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